INTRODUCTION
With increasing demands on manufacturing accuracy of machine tools, there is a proportional need to enhance the geometric and working accuracy. The resulting working accuracy of three-axis CNC machine tool is affected up to 70% by quasi-static errors [Ramesh 2000] . This category of quasi-static errors includes geometric errors, temperature errors and errors caused by deformation of the own weight of machine parts. For a five-axis machine tool, this percentage is even higher [Ibaraki 2012 ]. In order to enhance the geometric accuracy, new methodological approaches are constantly being developed to describe geometric deviations of the machine tool with the output for software compensations. Such demands are laid not only on the existing technologies of measurement, but also on the development of new measuring equipment and measurement procedures. Already calculated deviations are then implemented to the control systems of machine tools. Achievement of higher geometric accuracy requires growing demands on accuracy of measuring equipment, methodologies of measurement procedures, and quality of data processing and evaluation [Linares 2014] . However, this also increases the demands on computing equipment in the form of machine tool models to calculate deviations that are sufficiently accurate, fully defined and inexpensive in terms of hardware. A large part of authors deal with modelling of deviations in machining centres. Most of them then operate with the approach using the homogeneous transformation matrices (HTM) [Rahman 2000 , Okafor 2000 , Uddin 2009 , Tian 2014 . The use of these homogeneous transformation matrices leads to appropriate simplifications. The author [Okafor 2000] e.g. uses the HTM method to calculate deviations, but the resulting relationships were supplemented with his own extensions which do not contain in the aforementioned HTM. A proper description of deviations in the workspace of the machine tool is necessary for subsequent processing of compensation data. These compensation data then can be used for single-axis compensation, dependent compensations of two axes or volumetric compensations. The aim of numeric compensations is to minimize the real deviation TCP (Tool Center Point) from the desired position of the machine. This article discusses the possibilities of streamlining the calculation of geometric deviations on three-axis machine tool by HTM using dual numbers [Holub 2015b ]. Moreover, it compares the results of standard calculation by HTM and by HTM using dual numbers.
GEOMETRIC DEVIATIONS OF THREE-AXIS MACHINE TOOLS

Description of geometric deviation
Description and the number of geometrical deviations of machine tools are generally based on the number of CNC controlled axes and the coordinate system and are defined according to ISO 841. Figure 1 [Holub 2015a] To identify the above mentioned deviations, various measuring devices and procedures are used; these can evaluate all 21 geometric deviations simultaneously. These devices include selftracking laser interferometers LaserTRACER or Laser Tracker ]. To measure the workspace of the machine tool, these devices use a sequential multilateration principle. This provides a sufficient accuracy of measurement to assess the CNC machine tool. Another group consists of measuring devices which can identify only some of the abovementioned deviations and then it is necessary to use a combination of more than one measuring device and measurement procedures. These devices include single-axis laser interferometers [Marek 2009 ], digital spirit levels, collimators or control prisms and dial indicators. 
Measuring data
MATHEMATICAL BACKROUND
Preliminaries
Classically, if the volumetric error is handled, the error matrices are used, e.g. the matrix of the translation along the axis error is of the form
This can be derived using the Euler matrices expanded into the Taylor series once you neglect the terms in which two or more error terms are multiplied. Indeed, 
satisfying the identity. Its elements can therefore be understood as the factorized polynomial ring
Note that even higher order dual numbers can be considered, e.g. the second order dual numbers are defined as the set 
In the language of the factorized polynomial rings this corresponds to the set  micron-level should be neglected. When considerably larger machines are studied, higher order dual numbers should be employed.
Error matrices
In the sequel, we use the matrices over second order dual numbers, i.e. the matrix elements will be of the form 
Should the calculations follow the 
Note that this matrix differs from the classical one exactly in the second order error terms. Yet it is notable that the matrix multiplication in this case is not commutative, indeed when the order is changed the second order error terms are different: 
CONCLUSION
We proposed an algorithm on the volumetric deviation calculation, see the resulting matrices representing the translation errors. We stress that the innovation lies in the automated calculations within the matrix algebra. More precisely, we use the matrix multiplication only, while classically after the evaluation some identities have to be applied to neglect the higher order error terms. This is allowed by the dual numbers matrix representation which, consequently, leads to the kinematic chain assembled from 12 12  matrices.
We applied the algorithm on the data obtained by the by means of the transformation matrices over the dual numbers. The difference lies in the way how the squarness errors are treated. In our approach, the translational term 
